Today, silicate wall materials are widespread among the applied wall materials in construction. Their traditional production technology involves the use of cementing component, obtained by the mixed grinding of unhydrated lime and silica materials. Nowadays, one of the main tasks is to reduce the production energy intensity of variously-functional wall composites through the use of unconventional, including manmad, raw materials. From this perspective, non-traditional for the construction industry clay rocks of the unfinished minerogenesis stage, are of particular interest. To stabilize clay rocks, complex methods can be used, in which, as a rule, several additives are used, which effect on the rock can be different. It has been established that the use of aluminosilicate binder, including lime (Portland cement) for the production of non-autoclaved silicate wall materials based on non-traditional clay rocks, will contribute to achieving the necessary level of structure formation and maximum physical and mechanical properties of high-performance highvoid wall products under non-autoclaved conditions.
INTRODUCTION Nowadays, one of the main tasks is to reduce the production energy intensity of variously-functional wall composites through the use of unconventional, including man-mad, raw materials [1] [2] [3] [4] [5] [6] . The theoretical basis for solving this urgent problem is the transdisciplinary science of geonics (geomimetics).
One of the most common wall building materials is silicate brick and stones. In the traditional silicate materials technology, the main raw material is quartz sand. Tying themselves to this raw material type, enterprises lose the development chance in a rapidly developing competitive environment. Also, the process of synthesis of calcium hydrosilicates in composites based on quartz sand and lime proceeds at high temperatures and pressures.
The silicate brick manufacturing technology development is based on the achievements of many researchers who carry out their research activities on the development and evidence of the theory of silicate materials structure formation, as well as on the technology modernization and silica brick indicators improvement. This makes allows creating a theoretical base for further autoclaved materials technology. As a result of these works, new types of raw materials are used as a raw material used in silicate brick technology [7] [8] .
Based on the analysis of information [9] [10] [11] in the field of raw materials research, theoretical foundations were determined for autoclave materials, as well as their experimental confirmation of the possibility of synthesizing a durable skeleton from new formations when producing nonautoclaved silicate materials with a certain set of properties, due to the unconventional clay rocks use.
Such clay rocks are widespread and in large quantities simultaneously extracted during the mining of ore mineral resources. These rocks specificity is the presence of thermodynamically unstable compounds, such as the imperfect structure of hydromica, mixed-layer formations, finely dispersed poorly-rounded quartz, and also in a small amount of montmorillonite and kaolinite.
Clay rocks have a very diverse mineral composition and properties. In recent decades, using modern research methods (clay minerals structures and properties have been studied in detail), it was found that the elementary layers and the spaces between them in the clay system are nanoscale and have a highly developed active surface [12] [13] [14] [15] [16] .
The use of specially selected aluminosilicate binder based on unconventional clay raw materials, as well as complex binder, including lime and portland cement for the production of non-autoclaved silicate wall materials based on unconventional clay rocks, will contribute to achieving the required level of structure formation and maximum physical and mechanical properties of products not only at high pressures and temperature, but also at temperatures up to 100 ° C. A particularly positive effect of the use of such systems is that the rheology of such systems allows formatting an effective high-void products.
II. METHODS AND MATERIALS
Clay rocks, including unconventional, of the Kursk Magnetic Anomaly Region, were used for the study. As binding components, unslaked ground calcium lime with an activity of 76.4% and Portland cement of class CEM I 42.5N GOST 31108-2003 were used.
In the samples preparation, there was used a mixture that included a previously prepared aluminosilicate binder by grinding clay and lime, and aeolian-eluvial-diluvial clay. To optimize the composition of synthesized cementing compounds, studies were carried out using a complex binder based on Portland cement and lime. Samples were obtained by the semi-dry molding method at a specific pressing pressure of 20 MPa. The new formations composition phase was studied by X-ray and thermographic analyzes. All samples were subjected to hydrothermal treatment at a temperature of 95 ºС according to the mode of 1.5 hours. + 9 hours. + 1.5 hours. Determination of the samples' physical and mechanical properties was carried out according to the requirements of the relevant regulatory documents.
To determine the particle size distribution of the materials, the MicroSizer 201 installation was used. To determine the material composition the clay rocks was used, as well as the forming composition of the new growths, X-ray phase analysis (ARL X'TRA model diffractometer) and differential thermal analysis (Derivatograph Q -1500 D ). For scanning electron microscopy (SEM), a scanning electron microscope of the model MIRA 3 LM was used.
III. RESULTS
In the classical silicate materials production technology, a binder, obtained by the mixed grinding of lime and silica materials is used. However, the process of calcium hydrosilicates synthesis in such a system proceeds at high temperatures and pressures, which determines the high energy intensity of traditional production of silicate materials. To reduce production energy costs by using silica-containing raw materials with high activity, which is determined by the low temperature of silica dissolution. It is possible to choose such raw materials only cnsidering its genesis, structural and textural features and mineral composition.
The purpose of the study is to explore the aluminosilicate binder and complex binder effect on non-autoclave silicate composites using non-traditional raw materials properties.
The most important properties of the obtained wall nonautoclaved silicate products primarily depend on the composition, and morphological features of the new formations, which is formed during the heat and moisture treatment under atmospheric pressure.
The improvement of the silicate materials physicomechanical properties and the reduction of their energy intensity can be achieved by obtaining hydrogranates and other compounds of the system CaOAl2O3-SiO2H2O as part of the cementing compound. Therefore, the synthesis of new formations optimal structure at the nano-, micro and macro levels is an important task.
For studies, eolian-eluvial-deluvial mixed-layer formations selected in the Kursk Magnetic Anomaly region were used. As a genesis specificity result, this raw material consists of mixedlayer clay minerals, which is a very multicomponent and complex system with a diverse set of properties.
It was found that particles belonging to the aleuritic fraction (42.95%), as well as the pelitic fraction (22.63%) predominate in the clay used. Based on the data of particle size analysis and the established plasticity number, the clay used in the studies can be attributed to clayey sand.
In the study of the clay rocks microstructure, it was established that the structure refers to "skeletal". A multitude of particles of micro-dimensional level are found in the form of aggregates, as well as clay particles. Also the nanoscale level rock particles are observed in the composition.
Based on their material composition, such clay rocks are unsuitable as a raw material for the production of portland cement clinker and ceramic products; however, the special mineral composition of these rocks allows considering them as the main component in the non-autoclaved silicate materials preparation.
The objective of the research was to design and optimize the compositions of aluminosilicate and complex binder and raw mixtures based on natural unconventional aluminosilicate raw materials to achieve the required structural level and maximum physical and mechanical properties of the material.
Available studies have established that the unhydrated lime optimum content for clay rocks of different material composition is 10-12 wt. %, which is very important for real production conditions, since fluctuations in the material composition are unavoidable, and this makes it possible to obtain materials with stable properties [7] [8] .
Non-autoclaved silicate materials samples, for research, were obtained by the method of semi-dry pressing. The obtained product samples were subjected to heat-moisture treatment. The test results of the samples are given in table 1. In order to intensify the tumors synthesis and create a highly organized composite structure, part of the clay rock was subjected to joint grinding with lime in order to obtain an aluminosilicate binder ( Table 2 ). The samples were tested after the heat-moisture treatment and holding the samples for 3 days, (Table 3. ). The increase in the aluminosilicate binder in the proportion of clay rock leads to an increase in the compressive strength of the raw material. Thus, green strength based on lime-sand (control) mixture was 0.43 MPa. Use as a silica component of the clay rock with a lime content of 10 wt. % allows getting green strength of 1.85 MPa, which is higher than the strength of control samples 4.3 times. The green strength on the basis of aluminosilicate binder (the ratio of CaO: clay -1: 1) increases 5 times.
Strength of steamed samples, based on aluminosilicate binder, compared with samples, where lime was used as the only binder, increased insignificantly. It can be assumed that the active element content in the clay rock, including nanosized minerals, is sufficient to form a solid microstructure of the cementing substance and an increase in the fine fraction due to the additional the rock part grinding leads to a slight change in the strength properties. Probably, fine-dispersed quartz content increases in the raw mix after grinding, due to which more slightly-crystalline calcium silicate is synthesized under steaming conditions, i.e. the gelled new formations proportion increases. In this case, the optimal ratio between the gelled and crystalline component is probably disturbed, which causes a slight change in the operational performance of the products. Thus, when choosing the aluminosilicate binder composition, it is necessary to proceed from the particle size distribution of the original rock and to obtain the required products indicators. According to the differential thermal and X-ray phase analyzes data, new formations are predominantly represented by slightly crystalline calcium hydrosilicate compounds -CSH (B) and C2SH2.
To optimize the process of structure formation and create a more highly organized structure at the macro, micro and nanoscale levels, studies were carried out using an integrated binder based on Portland cement and lime.
At the first stage, only Portland cement was used as a binder. The amount of binder used in the experiment was 10 -16 wt. %. The study of samples based on aeolian-eluvial-deluvial clay rock showed that with an increase in the proportion of Portland cement in the raw mix from 10 to 16%, the compressive strength of the samples increases from 14 MPa to 19 MPa.
However, samples possess water resistance only when the content of the binder is more than 16%, the softening coefficient is 0.7. Probably, the available lime contained in the used binder is not enough to bind the free clay minerals contained in the rock (Table 4 ). In this regard, to improve the water resistance of the samples, a complex binder was used. A sample was made containing Portland cement 12 wt. % in the presence of lime 5 wt. %. Tests of the obtained samples showed an increase in the softening coefficient from 0.6 to 0.8. Consequently, to obtain water-resistant specimens, the presence of lime in the binder is necessary, or the use of more Portland cement, which is not economically feasible.
To fully demonstrate the influence of the CaO and Portland cement presence in the complex binder on the products' performance properties, as well as to improve the processes of composite microstructure formation, studies were carried out using the methods of mathematical planning of the experiment. Conditions for planning two factor experiments are shown in Table 5 . After processing the results, the regression equations of compressive strength and softening coefficient of the obtained composites are:   2  2  2206078  ,  0  2  1  770607  ,  1  2  35087  ,  4  1  100421  ,  2  07485  ,  15 x 2  2   2  10  463291  ,  4  2  1   2  10  536703  ,  1  2  058345  ,  0  71029  ,  0 x
Using the obtained regression equations, nomograms of changes in operating non-autoclaved silicate composites were constructed (Fig. 1) . The increase in the content of Portland cement contributes to an increase in strength from 10.3 MPa to 18 MPa, an increase in the content of lime increases the compressive strength to 24 MPa. However, an increase in the proportion of lime does not contribute to a greater increase in strength comparing with an increase in the content of portland cement.
The softening coefficient of the samples (Fig. 2 ) varies from 0.7 to 0.8. it is important to note that with a quantitative content of lime in 5 wt. %, in order to obtain good indicators of products' water resistance, the amount of Portland cement should be at least 15 wt. % The study of new formations in the synthesized samples was carried out by X-ray phase and thermographic analyzes methods. Based on these analyzes, the samples contain new formations in the form of low-basic calcium tobermorite-type calcium silicate. The identification of calcium hydrosilicates by radiographs ( Fig. 3) is difficult due to the overlap of 3.04 Å on the same reflex of calcium carbonate. The reflections on radiographs in the range of 2.73-2.79 Å are likely to belong to the hydrogranates.
According to the results of thermographic analysis, the endothermic effect at 120 ° C and the exothermic effect at 870 ° C are recorded on the DTA curve, indicating the presence of tobermorite type low-basic calcium silicate. On the differential temperature curveat 180 ° C, the mass loss reflex is fixed, which is associated with the dehydration of new formation, most probably, well-crystallized calcium hydrosilicates. This reflex is absent in the sample based on lime only. It can be assumed that during the hydration of clinker minerals, hydrosilicates of a higher degree of crystallization are formed than during the interaction of lime and clay minerals. It should be noted that calcium hydrosilicates are formed not only due to the interaction of lime and clay rock components, but also due to the hydration of Portland cement components. The formation of more highly basic calcium hydrosilicates predetermines the dense structure of cementing compounds. Due to this, higher performance is achieved on the complex binder basis.
IV. CONCLUSION
Thus, using aluminosilicate raw materials, represented by unconventional for the construction industry clay rocks, it is possible to produce high-void wall composites with improved performance characteristics. Use as a binder component of pure unhydrated lime or specially prepared binder, in order to produce composites with higher properties, depends on the specific rocks used and their composition.
The use of complex binder, including lime and Portland cement, for the production of non-autoclaved silicate wall materials based on unconventional clay rocks will provide an optimization for the composition of cementitious compounds and form a more suitable ratio between highly crystalline and gelled forms of new formations, which would allow obtaining non-autoclave wall silicate materials with higher strength. Lime in the complex binder speeds up the hardening process, increases the strength and stability of crystallization structures in non-autoclaved silicate composites containing cement. The operational characteristics of building materials based on clay rocks of the incomplete lithogenesis stage and heteroporosity at the nano-, micro-and macro-level contribute to the creation of a comfortable living environment residential compound, which can significantly increase the human life expectancy.
Based on this raw material type, an attractive investment technology has been developed for small and medium-sized businesses to produce energy-saving high-void non-autoclaved wall materials of the new generation with compressive strength up to 30 MPa, frost resistance F15-25, with an average density of 1100-1200 kg / m^3.
